Objectives: To test the design and feasibility of a large scale multicentre randomised controlled trial evaluating the efficacy and safety of a high dose corticosteroid infusion after head injury. To assess whether large numbers of patients could be enrolled and treated within eight hours from injury and then followed up at six months. Methods: Randomised placebo controlled multicentre trial of a 48 hour corticosteroid infusion after significant head injury. All head injured adults who were observed while in hospital to have GCS of 14 or less (out of a maximum score of 15), and who were within eight hours of the injury, were eligible for trial entry. Analysis of baseline and outcome data (for both treatment groups combined) for 1000 patients enrolled in the pilot phase of the MRC CRASH Trial. Results: Fifty two hospitals in 14 countries participated in the pilot phase, recruiting an average of one patient per hospital per month. Of the 1000 randomised patients, 330 (33%) had mild head injury, 289 (29%) had moderate head injury, and 381 (38%) had severe head injury. Seven hundred and nine (71%) patients were randomised within three hours of injury. Outcome at two weeks from injury was known for 991 (99%) patients, of whom 170 (17%) patients died. At the time of writing, six month follow up for the first 500 patients was nearly complete. Vital status was known for 465 (93%) of the 500 patients, of whom 97 (21%) had died. Functional status based on the Glasgow Outcome Scale was known for 438 (88%) of the 500 patients: 21% were dead, 17% were severely disabled, 22% were moderately disabled, and 34% had made a good recovery. Conclusions: The trial procedures proved practicable and a wide variety of patients were recruited in the emergency department within eight hours of injury. Using simple outcome measures, large numbers of patients can be successfully followed up. W orldwide more than a million people die from head injuries each year and a similar number are disabled, often with profound effects on the quality of life of the affected individuals and their carers.
W orldwide more than a million people die from head injuries each year and a similar number are disabled, often with profound effects on the quality of life of the affected individuals and their carers. 1 In 1990 over 5 500 000 intracranial injuries were caused by road traffic crashes alone. Road traffic crashes account for most of the deaths and serious head injuries and car use is rapidly increasing in many countries. The identification of effective treatments for head injury is of global health importance.
Corticosteroids have been used in the treatment of head injury for over 30 years, although recently their value has been questioned because of the failure to reliably demonstrate effectiveness in randomised trials. 2 For such a common problem, if a treatment as simple as short-term corticosteroids produced just a moderate benefit, this could be worthwhile. However, existing randomised trials of corticosteroids in head injury have been too small to demonstrate or refute the possibility of moderate but clinically important benefits or harm from corticosteroids. 3 To determine reliably the effects of a high dose corticosteroid infusion on death and on disability after significant head injury, many thousands of acute head injury patients must be randomised between corticosteroid and placebo infusions. 4 5 Axonal disruption can continue for several hours after acute central nervous system trauma. In animal studies, it has been shown that early administration of corticosteroids is important for maximal effect. 6 Hence there may be an early phase when further neurological deterioration can be prevented. Timing of corticosteroid administration is also considered to be important in acute spinal cord injury. 7 The aim of the CRASH Trial pilot phase was to test the design and feasibility of a large scale multicentre trial to evaluate the effectiveness and safety of a short-term high dose corticosteroid infusion after significant head injury. 5 In particular, the pilot phase sought to assess whether the enrolment and follow up of large numbers of head injured patients would be possible, and whether treatment could be started within eight hours from the time of injury.
METHODS

Eligibility
All head injured patients (judged to be 16 years or older) who were observed while in hospital to have a score on the Glasgow Coma Scale of 14 or less (out of a maximum score of 15), and who were within eight hours of injury, were eligible for trial entry. There was no other pre-specified exclusion criterion, as the fundamental eligibility criterion was the responsible doctor's "uncertainty" whether or not to use corticosteroids in a particular adult with head injury.
Consent
Patients with head injury and impaired consciousness may be unable to give properly informed consent. In emergency situations it may not be medically appropriate to delay the start of treatment until proxy consent can be obtained, doctors therefore took responsibility for entering their patients, just as they would take responsibility for choosing other treatments. However, the specific requirements of local research ethics committees were strictly adhered to at all times. Information leaflets about the study were provided for patients and their friends and relatives.
Treatment regimen
The study treatment was a 48 hour infusion of methylprednisolone (MP) or placebo. The loading dose was 2 g MP (or matching placebo) over one hour in a 100 ml infusion. The maintenance dose was 0.4g/hour for 48 hours in a 20 ml per hour infusion (or matching placebo). If clinically appropriate, patients could be discharged from hospital before completing the trial treatment.
Randomisation, baseline data collection, and emergency unblinding Patients were randomised in one of two ways. Central randomisation was by telephoning the 24 hour randomisation service at the Clinical Trial Service Unit (CTSU), Oxford, UK. During the telephone call, baseline data were requested and then entered into the CTSU database. The baseline data collected were-sex, age, hours since injury, Glasgow Coma Scale (GCS) including eye opening (scale 1-4), motor response (scale 1-6), and verbal response (scale 1-5), and localising signs as judged by the presence of one or more nonreactive pupils. A reasonable balance with respect to these, and with respect to hospital, was achieved using the method of treatment allocation known as "minimisation". 8 The minimisation factors were: sex, age (16-24 years, 25-34 years, 35 years and older), hours since injury (one hour or less, one to three hours, over three hours), GCS (3-8, 9-12, 13-14) , localising signs, hospital and country. After recording the baseline data, the CTSU computer allocated a number identifying one of the treatment packs stored in the emergency department. Non-central randomisation was used in countries where telephone access is not reliable, or where hospital staff could not easily speak English. For these patients, blinded treatment packs were used sequentially and the baseline data were immediately sent by fax, or as encrypted email attachments to the Co-ordinating Centre. These data were entered into the CTSU database on the day of receipt. Only in special circumstances could treatment allocation be unblinded. Where emergency unblinding was necessary, for example when doctors believed that clinical management depended importantly on knowing whether corticosteroid or placebo had been given, unblinding was possible by telephoning the randomisation service, giving the patient details.
Outcome data collection Inhospital deaths, complications, and short-term recovery were recorded on a single sided form completed by the responsible doctor at death, discharge, or two weeks after injury, whichever occurred first. Long term recovery was assessed at six months by a simple postal questionnaire, sent to patients or their carers, or by telephone interviews or by home visits (Sri Lanka and South Africa only). Before the start of the pilot, a simple postal questionnaire version of the Glasgow Outcome Scale (GOS) was developed and found to be both reliable and valid. 9 We also conducted a systematic review of randomised controlled trials of strategies to influence response to postal questionnaires in order to identify ways to maximise response to the follow up questionnaire. 10 11 The postal version of the GOS was translated into the relevant languages with back translation to ensure accuracy. Completed questionnaires were returned to the Co-ordinating Centre.
Data processing, analysis, and the data monitoring and ethics committee Baseline data were transferred electronically each day from CTSU to the Co-ordinating Centre. Outcome data were entered twice and any differences resolved to eliminate data entry errors. Further extensive checks for data consistency were also undertaken. The pre-specified principal analyses were the effects of treatment on death from any cause within two weeks of injury, and on death or dependence at six months. The independent Data Monitoring and Ethics Committee periodically reviewed the accumulating trial data in strict confidence. In May 2000 the Committee reviewed the data and reported that the available data provided no cause to recommend any change to the study procedures or the plans for the expansion of patient recruitment in the main phase of the trial. As the treatment regimen and allocation remained unchanged in the main phase of the trial, the pilot phase results by treatment allocation will be combined with those of the main phase of the study, and will therefore remain confidential until the completion of the trial.
RESULTS
The first patient was enrolled on 13 April 1999, and by 21 December 2000 a total of 1000 patients had been enrolled, an average recruitment of 50 patients per month.
Fifty two hospitals in 14 countries participated in the pilot phase, recruiting an average of 1.0 (range 0.1-6.3) patient per hospital per month. Table 1 shows the baseline characteristics for the 1000 patients by treatment status. There were 781 (78%) men and 219 (22%) women. The average age was 39 years (SD=19, median = 35), with a range from 14 to 99 years. Four patients were aged under 16 years but were judged to have been aged 16 at the time of randomisation. Figure 1 shows the distribution of patient ages Figure 2 shows the distribution of time from injury. Four hundred and four (40%) patients were randomised within one hour, 305 (30%) patients were randomised between one and three hours, and 291 (29%) patients were randomised between three and eight hours of injury. Severity of head injury was classified as mild (GCS 13 and 14) in 330 (33%) patients, moderate (GCS 9 to 12) in 289 (29%) patients, and severe (GCS 3 to 8) in 381 (38%) patients. Patients were classified as having localising signs only if one or both of their pupils were not reactive to light. One hundred and fifty six (16%) patients had localising signs before randomisation.
Baseline characteristics
Principal measures of efficacy: deaths within 14 days, death or dependence at six months and proportion of patients with an unfavourable outcome Table 2 shows the characteristics of the patients at the time of randomisation with their outcome at two weeks. Early outcome forms were received for 991 (99%) of the 1000 randomised patients. One hundred and seventy (17%) patients died within two weeks of randomisation. In assessing long term recovery, the follow up of some patients took over nine months to achieve. For this reason, we have presented the results for outcome at six months for the first 500 patients only. Table 3 shows the characteristics of these patients with their outcome at six months (we continue to seek the information for patients for whom long term recovery is still not known). Among the first 500 patients, vital status at six months was known for 465 (93%), of whom 97 (21%) had died. Functional status at six months based on the GOS was known for 438 (88%) of the 500 patients: 21% were dead, 17% were severely disabled, 22% were moderately disabled, and 34% had made a good recovery. Thus at six months 38% of patients had an unfavourable outcome (severely disabled, persistent vegetative state, or dead).
Other measures of efficacy and safety (fatal and non-fatal events within 14 days) Table 4 shows the aspects of patient management and health events that were explicitly sought on the early outcome form (figures are for both treatment groups combined). Four hundred and twenty four patients were admitted to ICU (43%), 241 (57%) of whom were admitted for four days or more.
Seizure was recorded for 176 (18%) patients, haematemesis or melaena for four (0.4%) patients, wound infections for 31 (3%) patients, pneumonia treated with antibiotics for 90 (9%) patients, other treatment with antibiotics for 286 (29%) patients, neurosurgical operation for 195 (20%) patients, and major extracranial injury for 179 (18%) patients. Head CT scans were performed on 754 (76%) patients. The first head CT scan result was normal in 204 (27%) patients. Among the scans showing some abnormality, there were 76 (10%) with obliteration of the third ventricle or basal cisterns, 96 (13%) with midline shift over 5 mm, 163 (22%) with a subarachnoid bleed and 280 (37%) with a haematoma.
Compliance with trial treatment
Compliance with the trial treatment was known for 941 (94%) patients, of whom 918 (98%) received the full loading dose. When clinically appropriate, patients were discharged from hospital before completing the full maintenance dose. Two hundred and six patients (22%) were discharged before completing the maintenance dose and received less than 24 hours of treatment.
Emergency unblinding
Of the 1000 patients randomised, the treatment allocation was unblinded for seven (0.7%) patients. The most common reason for emergency unblinding, accounting for four instances, was that after randomisation the patient was found to have a spinal cord injury for which the responsible doctor considered that corticosteroids were indicated.
DISCUSSION
The CRASH Trial is the first very large scale randomised controlled trial in head injury, aiming to recruit and follow up 20 000 patients by 2005. The pilot phase confirmed that the study design was practicable in both university and general hospitals, and in high and middle income countries. Sample size calculations for the CRASH Trial were based on an estimated risk of death among controls of 15%. These data were obtained from a recent randomised controlled trial in head injury using similar but not identical inclusion criteria. 12 The pilot phase provides a more precise estimate of this parameter, using the uncertainty principle as the fundamental eligibility criterion, and confirms that the estimated event rate was appropriate (17% dead within two weeks of injury). The pilot study results at two weeks and at six months confirm that the limited data collected in the CRASH Trial can separate groups at high risk and low risk of a poor outcome. The main predictors of poor outcome were age and score on the GCS. Among the first 1000 patients enrolled in the CRASH Trial, the median time from injury to randomisation was two hours. Over 70% of patients were randomised within three hours of Figures are based on followup of the first 500 patients. *Includes 12 patients flagged for over 18 months on the UK National Health Service Central Register, during which time no death was notified to the CRASH Trial Co-ordinating Centre. We continue to seek the information for every patient for whom long term recovery is still not known. 
Figures are for both treatment groups combined and are based on the data provided on 991 completed early outcome forms. For patients still in hospital 14 days after randomisation all management and health events recorded within 14 days are included. For patients discharged from hospital within 14 days, management and health events were recorded only for the period in hospital.
injury, confirming that the treatment of head injured patients within an appropriate therapeutic period is feasible. In a recent survey of previous randomised controlled trials in head injury the average number of participants per trial was 82 and the average loss to follow up was 19%. 13 In the pilot phase of the CRASH Trial, short-term outcome was known for 99% of the 1000 randomised participants, and long term outcome was known for 93% of the first 500. This confirms that with simple outcome measures using postal strategies that have been shown to increase response, large numbers of patients can be successfully followed up. Tracing and contacting patients or their carers to assess long term recovery can take many months to achieve. However, we continue to be successful in tracing patients for whom long term recovery is not known, and continue to make efforts to collect this information.
The CRASH Trial is now the largest head injury trial ever conducted. Participation by more accident and emergency, intensive care, neurosurgical, and trauma departments is still needed worldwide. The Trial Co-ordinating Centre will supply the documentation needed to apply for ethical approval and all materials needed to take part, once approval is obtained. The full trial protocol is available from CRASH Co-ordinating Centre, London School of Hygiene and Tropical Medicine, 49-51 Bedford Square, London WC1B 3DP (email CRASH@LSHTM.ac.uk), or alternatively visit the CRASH web site (www.CRASH.LSHTM.ac.uk).
